126.
ON THE ACCURACY OF  FOCUS  NECESSARY FOR  SENSIBLY PERFECT DEFINITION.
[Phil. Mag. xx. pp. 354—358, 1885.]
IN my "Investigations in Optics*" I have examined the effect upon definition of small disturbances of the wave-surfaces from their proper forms. It follows, for instance, that the aberration of a plano-convex lens focusing parallel rays of homogeneous light is unimportant, so long as the fourth power of the angular semi-aperture does not exceed the ratio of the wavelength to the focal distance (a4 < (A.//)}, a condition satisfied by a lens of 3 feet focus, provided that the aperture be less than 2 inches. I propose at present to apply similar principles to the question of focusing.
The most convenient point of view is that explainedf for calculating the
focal length of lenses. If the lens AB converges parallel rays to a focus at F, the retardation of the central ray EF, due to the substitution of a thickness t of glass for air, is (/a — Y)t; and this must be equal to the retardation of the extreme rays passing the (sharp) edge of the lens, i.e. AF - OF. Thus, if A C = y, FC=f,
(p-l)t=</(f* + tf-f=W/f, .....................(1)
approximately, which gives the focal length in terms of the semi-aperture and the " thickness " of the lens.  '
If we suppose that ^ varies,
-(2)
giving the change of focus required to compensate the change of //,. Let us, however, inquire what is the state of things at the old focus. The secondary rays from the extreme boundary of the lens arrive with the same phase as before the change of index; but the central ray undergoes a relative retardation amounting to 8/1 . t. This quantity tells us the discrepancy of phase ;
* Phil. Mag. 1879 and 1880.   [Vol. i. p. 435.] t Loc. cit. p. [439].of the utmost importance. An example will make this clear. The pitch of a tuning-fork of homogeneous steel is dependent upon the size and shape as well as upon the elastic quality of the material; but the matter is too difficult for rigorous mathematical treatment. If, however, it be asked, How does the pitch depend upon the size of the fork, the shape and material being given? we need no complicated mathematics at all. The principle of dynamical similarity tells us at once that the time of vibration is proportional to the linear dimension.
